Background: In addition to affecting the oxygen supply to the brain, pulmonary function is a 2
INTRODUCTION 21
The considerable public health and care burden of dementia is well documented.(1) While the 22 age-standardised prevalence and incidence of dementia may be declining,(2-4) because of 23 population ageing, the absolute number of people with dementia worldwide is projected to triple 24 from approximately 44 million in 2013 to 135 million by 2050.(5) Recent studies have provided 25
promising findings for pulmonary function as a potential modifiable risk factor for late-life 26 dementia. Pulmonary function affects the oxygen supply to the brain. Low pulmonary function 27 and pulmonary disease, in turn, are associated with exposure to multiple insults across the full 28 life course -notably smoking, illness, and socioeconomic deprivation, stunting -suggesting that 29 they may capture a number of dementia risk factors.(6, 7) As the number of studies on 30 pulmonary function and dementia increases, we provide the first aggregation of these results by 31 conducting a systematic review and meta-analysis of the evidence from longitudinal studies to 32 examine the hypothesis that low pulmonary function and pulmonary disease are risk factors for 33 later dementia. 34
35

METHODS 36
In accordance with the PRISMA guidelines,(8) we searched PubMed for articles reporting 37 longitudinal (cohort) studies linking pulmonary function or respiratory illness with dementia 38 occurrence from the inception of the database (1951) until 1 st April 2019. The search strategy 39 combined the terms dementia OR alzheimer* AND "forced expiratory volume" OR "expiratory 40 volume" OR FEV OR "forced vital capacity" OR "vital capacity" OR FVC OR "peak expiratory 41 flow" OR "peak flow" OR PEF OR ((pulmonary OR lung OR respiratory) AND function) OR 42 asthma OR COPD OR "respiratory disease" or COAD or "airways disease" OR "lung disease" 43 OR pneumonia AND longitudinal OR prospective OR cohort. We also scrutinised the reference 44 sections of retrieved papers and searched our own files. TCR screened the search results using 45
Covidence (https://www.covidence.org/) and extracted data from included articles. The review 46 in a meta-analysis gave a HR of 1.51 (95% CI 0.94, 1.64; P=0.092; I 2 =47.0%). Pooling the five 100 studies which reported the effect of one standard deviation decrease (disadvantage) in FEV1 101 resulted in a HR of 1.28 (1.03-1.60; P=0.028; I 2 =79.3%; N=67,505, 2280 dementia cases). One 102 of these studies standardised FEV1 by dividing by height 2 (13) but a sensitivity analysis excluding 103 this transformation gave a similar pooled result (1.24, 0.92-1.68). (9, 11, 14, 16 
Respiratory disease as a risk factor for dementia 138
We identified eleven prospective studies in which investigators had explored the association 139 between respiratory disease and later dementia ( 
Clinical and public health implications 280
In terms of prevention, the possibility that the association between pulmonary function and 281 cognition might reflect a cause-and-effect relation is particularly important. To date, however, 282 plausible mechanisms linking pulmonary function to dementia include both causal and non-283 causal explanations and further research on this issue is therefore needed.(9) 284
285
The point in time at which risk factors are measured seems to be important for their ability, or 286 lack of it, to predict later dementia or cognitive decline: There was some evidence of be an age-287 dependent association with stronger links seen for midlife than old age respiratory function and 288 respiratory disease. Further research is needed to clarify whether this reflects the longer exposure 289 period among younger individuals or a critical period in which poor respiratory function is 290 particularly damaging. 291
292
Future directions 293
Pulmonary function alone is likely to have relatively low sensitivity and specificity as a predictor 294 of cognitive decline and dementia and therefore may not be a useful predictor of dementia in the 295 absence of a range of other predictive factors. Further research is needed to examine this. One 296 way forward is examination of pulmonary function and pathology as a contributor to risk factor 297 algorithms -such as the modified CAIDE risk score(54) -given the reported associations 298 between pulmonary function and dementia which remained after adjustment for cardiovascular 299 risk factors. To date, there is some evidence to suggest that such risk scores predict cognitive 300 function(89) and decline,(90) although there is less evidence for prediction of dementia. ( 
91) 301
Therefore there is, as yet, no risk score including lung function which can be used in clinical 302
practice. 303 304
In addition to risk stratification and early identification of risk groups, further work is also 305 required to confirm or refute the importance of pulmonary function as a risk factor amenable to 306 modification and thus a target for prevention. Extended follow up of studies where the initial 307 focus was treating respiratory illness might be a pragmatic place to start. It would be difficult to 308 conduct a powered randomised, controlled trial on this topic given the long follow-up from mid-309 life into later life needed and the large sample size required to obtain a sufficient number of 310 incident dementia cases. Therefore, in order to reduce confounding and reverse causation bias, 311
Mendelian randomization studies with genetic variants related to lung function as an instrument 312 would provide one avenue to pursue. 313
314
Further mechanistic research is also warranted in order to test in depth plausible pathways 315 linking pulmonary function and dementia, such as the hypoxia and vascular damage hypotheses. 316
The global public health importance of dementia is such that researchers should pursue this 317 promising line of research on pulmonary function. These results were presented in preliminary form as a poster at the AAIC 2017.
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